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Überblick

Eine kurze Einführung in CERN und Hochenergiephysik

– Die Organisation “CERN”
– Das Labor
– HochenergiephysikHochenergiephysik
– Beschleuniger

E pe imente– Experimente
– Spin-Offs
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Ihr Besuch bei CERN
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Geschichte

1949
Erste Ansätze ziviler Forschung im Bereich derBelgien Dänemark DeutschlandErste Ansätze ziviler Forschung im Bereich der 
Nukleartechnik

1952
Gründung des

Belgien, Dänemark, Deutschland, 
Frankreich, Griechenland, 

Großbritannien ItalienGründung des 
CConseil EEuropéen pour la RRecherche NNucléaire
unter der Obhut der UNESCO

Okt b 1952

Großbritannien, Italien,  
Jugoslawien, Niederlande, 

Norwegen Schweden SchweizOktober 1952
Standortauswahl für Genf

1. Juli 1953

Norwegen, Schweden, Schweiz

Unterzeichnung der CERN Charta
29. September 1954

Abschluß des Ratifikationsprozesses in denAbschluß des Ratifikationsprozesses in den 
ursprünglichen zwölf Mitgliedsstaaten
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CERN – Das Laboratorium

insgesamt
• 19 Teil-Standorte

– 195 ha
– 25 km Straßen
– 750 Grünflächen750 Grünflächen
– 574 Gebäude

• 379000 m² Gebäudefläche
• 556000 m² Grundfläche• 556000 m² Grundfläche
• 498000 m² Nutzfläche

– 23 Zugangsschächte
251 unterirdische Bereiche– 251 unterirdische Bereiche

• 1701 verschiedene 
Nutzungen

derzeitderzeit
• 2264 Baustellen in
• 191 Projekten
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CERN Organisation
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CERN User
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HochEnergiePhysik

A f d S h h dAuf der Suche nach dem,
“Was die Welt im Innersten zusammenhält”

Suche nach

l t T il h– elementaren Teilchen
– Kräften
– Symmetrien 
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Geschichte des Universums

Willkommen bei CERN Dr. Sascha Marc Schmeling • CERN



Standardmodell
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Methoden der Hochenergiephysik

Erreichen hoher Energien mit Beschleunigern:Erreichen hoher Energien mit Beschleunigern:

tü li h B hl i– natürliche Beschleuniger
• Astroteilchenphysik

kü tli h B hl i– künstliche Beschleuniger
• Teilchenphysik

Untersuchung der Wechselwirkungen von Materie und 
Antimaterie mit DetektorenAntimaterie mit Detektoren
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Beschleuniger bei CERN

• Frühere Beschleuniger 
– SC– SC
– ISR

• Beschleuniger in Betriebg
– PS

• AD Komplex
– SPS

• Fix Target 
E i tExperimente

• CNGS
• Zukünftige Beschleuniger• Zukünftige Beschleuniger

– LHC
– CLIC
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LHC
Von der Idee zum Beschleuniger

1982 : Erste Projektstudien
1983 Z0 E i i S S1983 : Z0-Ereignis am SppS 
1985 : Nobelpreis für S. van der Meer und C. Rubbia 
1989 B i d LEP B t i b (Z F t )1989 : Beginn des LEP-Betriebs (Z Factory)
1994 : Zustimmung zum LHC durch das Council
1996 E d ülti E t h id B b i1996 : Endgültige Entscheidung zum Baubeginn
1996 : LEP Betrieb bei 100 GeV (W Factory)
2000 : Ende des LEP Betriebs
2002 : Abschluß des LEP Abbaus
2003 : Beginn der LHC Installation
2005 : Beginn der LHC Tests
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2007 : Betriebsaufnahme LHC



LEP/LHC Tunnel

Willkommen bei CERN Dr. Sascha Marc Schmeling • CERN



Integration and Installation
Space in tunnel and underground areas is limited
Equipment for many systems need to be installed
3-D computer model for tunnel and underground areas
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LHC Layout

eight arcs (sectors)
IR5:CMS

Beam dump 
blocks

g ( )

eight long straight 
section (about 700 m 
l )

IR6: Beam 
dumping system

IR4: RF + Beam 
instrumentationlong) dumping systeminstrumentation

IR3: Momentum 
Cleaning (warm)

IR7: Betatron 
Cleaning (warm)Cleaning (warm) Cleaning (warm)

IR8: LHC-B
IR2 ALICE

IR1: ATLAS

IR8: LHC B
IR2:ALICE
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IR1: ATLAS

InjectionInjection



Transfer Lines SPS - LHC

Two new transfer line 
tunnels from SPS to 
LHC are being built. 
The beam lines use 
normal conductingnormal conducting 
magnets

Length of each line:Length of each line:
about 2.8 km

Magnets are allMagnets are all 
available, made by 
BINP / Novosibirsk

Commissioning of the
first line for 2004
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Dipole magnets waiting for installation



LEP/LHC Tunnel
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Regular arc:

Magnets

1232 main 
dipoles +

3700 
multipole 

t

392 main 
quadrupoles +

2500 t
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corrector 
magnets

2500 corrector 
magnets



Regular arc:
Connection via service

Cryogenics
Connection via service 
module and jumper 

S i b h f fl id
Supply and recovery of 
helium with 26 km long 

Static bath of superfluid 
helium at 1.9 K in cooling 
loops of 110 m length
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cryogenic distribution 
line



Regular arc:
Beam vacuum for

Vacuum
Beam vacuum for 

Beam 1 + Beam 2 

I l i f h
Insulation vacuum for 
the cryogenic 

Insulation vacuum for the 
magnet cryostats
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distribution line



Regular arc:

Electronics

Along the arc about several thousand 
electronic crates (radiation tolerant) for: ( )

quench protection, power converters 
for orbit correctors and instrumentation 
(b i )

Willkommen bei CERN Dr. Sascha Marc Schmeling • CERN

(beam, vacuum + cryogenics)
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Coils for Dipolemagnets

15 m long 
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Ferromagnetic iron

Nonmagetic collars

Supraconducting coil

Beam tubes

Steelcylinder for 
Helium

Insulationvacuum 

Supports

Vacuumtank 
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56.0 mm 

+- 3σ
~1 3 mm~1.3 mm 

Beam +/- 3 sigma
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56.0 mm

Collimators at

Ralphs Assmanns 
EURO

Collimators at       
7 TeV, squeezed

optics
1 mm EURO 

+/- 8 sigma 
= 4.0 mm 

Beam +/- 3 sigma
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Installation of cryogenic distribution Installation of cryogenic distribution 
line in the LHC tunnelline in the LHC tunnel –– startedstarted
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line in the LHC tunnel line in the LHC tunnel –– started started 
during summer 2003during summer 2003



Cryostating and measurements 
(main dipoles and other magnets)( p g )

SMA18 cryostating hall
t CERN f i t lliat CERN for installing 

dipole magnets into 
cryostats
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Storage of dipole cold masses 
waiting for cryostatingwaiting for cryostating       
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LHC: Superconducting Magnets

Arc 15-m dipoles and 
quadrupolesquadrupoles 

Insertion dipoles and 
d lquadrupoles

Corrector magnets
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Dipole assembly in industry 



Cryogenic System

F 18 kW lFour new 18 kW plants 
are added to four existing 
plants from LEP

26 km long Cryoline: three 
100 m prototypes were 
built and validated
Contract for construction 
and installation of the line 
has been awardedhas been awarded

Installation started in 2003

One ne plant is being commissioned
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One new plant is being commissioned



Verbindung zwischen Magneten bei LEP
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Eine von 1800 Verbindungen zwischen 
supraleitenden Magneten im LHCp g

6 superconducting bus 
bars 13 kA for B QD QF

20 superconducting bus 
bars 600 A for corrector 
magnets (minimisebars 13 kA for B, QD, QF 

quadrupole
magnets (minimise 
dipole field harmonics)

13 kA Protection 
diodeTo be connected:

• Beam tubes
• Pipes for helium
• Cryostat
• Thermal shields

42 sc bus bars 600 A for corrector 
magnets (chromaticity tune etc )

Thermal shields
• Vacuum vessel
• Superconducting
cables
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magnets (chromaticity, tune, etc….) 
+ 12 sc bus bars for 6 kA  (special 
quadrupoles)

cables  

Posters: MOPLE080 MOPDO014



Energy stored in a dipole magnet

Most energy is stored in the magnetic field of the dipoles

Dipole magnet
field map for 
one aperture

B = 8 33 Tesla I = 11800 A L = 0 108 H
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B = 8.33 Tesla       I = 11800 A    L = 0.108 H



Energy stored in LHC magnets

E dipole = 0.5 • L dipole • I 2dipole

Gespeicherte Energie pro Dipol: 7.6 MJoule

C Gin allen 1232 Dipolen im LHC: 9.4 GJ
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Strahlenergie

25 ns

Beam energy:  Proton Energy • Number of Bunches • Number of protons per bunch

25 ns

Proton Energy: 7 TeV

In order to achieve very high luminosity:

Number of bunches per beam: 2808Number of bunches per beam: 2808

Number of protons per bunch: 1.05 • 1011
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Energy per beam: 346 MJoule



What does this mean?

10 GJoule……

corresponds to the energy of 1900 kg TNT
corresponds to the energy of 400 kg Chocolatecorresponds to the energy of 400 kg Chocolate

corresponds to the energy for heating and meltingcorresponds to the energy for heating and melting       
12000 kg of copper

corresponds to the energy produced by of one nuclear power 
plant during about 10 seconds

Could this damage equipment?
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g q p
How fast can this energy be released?



Gespeicherte Energie 
in Strahl und Magneten 

10 GJ:

Drop 35 tons from 28 kmDrop 35 tons from 28 km

350 MJ:
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Drop it from 1 km



Powering and Quench 
Protection

Almost 1800 circuits from 60 A to 24 kA distributed around 
the 27 km LHC accelerator => 1800 Power Converter

The eight sectors of the LHC are largely independent -
accurate tracking of current is requiredaccurate tracking of current is required

Very high performance is needed for the 24 main circuits 
with main dipole and quadrupole magnets at I = 12 kA

For the main circuits the current needs to be– For the main circuits the current needs to be 
controlled at the ppm level (12 mA at 12 kA)

Protection of 8000 magnets, 1800 High Temperature 
Superconductor current leads, and a large number of
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Superconductor  current leads, and a large number of 
superconducting bus bars 



Voraussetzungen für einen sauberen 
“Beam Dump”

Beam dump must be  p
synchronised with  
particle free gap particle free abort gap

of 3 μs
Kicker 
magnets

Strength of kicker 
and septum magnets 

t t h

of 3 μs magnets 
constant angle

Beam dump 
block

Kicker 
strength

must match energy 
of the beam

« Particle free gap » 
must be free of 

particles

Time
Illustration of kicker risetime

particles
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Beam 1 Septum magnet 
deflecting the

Q5L Beam Dump 
Bl k

deflecting the 
extracted beam H-V kicker for 

painting the 
beam

Q4L
Blockbeam

about 700 mFast kicker 
magnet

Q4R

magnet

Q5R
about 500 m

Beam 2
AB - Beam Transfer Group
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Gesamter Strahl in Kupfer

Copper target2808 bunches

2 m
Energy density 

3[GeV/cm3] 
on target axis

vaporisation

melting

Target length [cm]
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N.Tahir (GSI) et al. 



Beam Dump Block - Layout

beam absorber 
( hit )(graphite)

about 8 mabout 8 m

concrete 
shielding
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L.Bruno



Druckverteilung im “Beam Dump”
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Schutz der Maschine
Magnetenergie

Energy in dipole magnets: 10 GJoule

per sector reduced to 1 3 GJoule… per sector reduced to 1.3 GJoule

Uncontrolled release of energy is gy
prevented:

Fire quench heaters

Current by-passes magnet via 
power diode

Extract energy by switching a 
resistor into the circuit  - the  
resistor with a mass of eight es sto t a ass o e g t
tons is heated to 300 °C 

All components of the system have been validated, and 

13 kA switches from Protvino Russia
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production started (part in collaboration with Russia and India)



LHC 
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109 events / secondEvent
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ATLAS Experiment
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CMS Experiment
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LHCb Experiment
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ALICE Experiment
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Spin-Offs
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????



Willkommen bei CERN Dr. Sascha Marc Schmeling • 
CERN



Willkommen bei CERN Dr. Sascha Marc Schmeling • 
CERN



Willkommen bei CERN Dr. Sascha Marc Schmeling • 
CERN



LEP/LHC Tunnel
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Beam lifetime with nominal intensity at 7 TeV

Beam 
lifetime

Beam power into 
equipment (1 beam)

Comments

100 h 1 kW Healthy operation

10 h 10 kW Operation acceptable, collimation must 
absorb large fraction of beamabsorb large fraction of beam 
energy
(approximately beam losses = cryogenic 
cooling power at 1.9 K) 

0.2 h 500 kW Operation only possibly for short 
time collimators must be very efficienttime, collimators must be very efficient

1 min 6 MW Equipment or operation failure -
operation not possible - beam must be 
dumped

<< 1 
min

> 6 MW Beam must be dumped VERY FAST 
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minFailures will be a part of the regular operation and MUST be anticipated



Momentum at collision 7  TeV/c
Momentum at injection 450 GeV/c

High beam energy in 
LEP tunnel

Dipole field at 7 TeV     8.33 Tesla
Circumference 26658 m

superconducting NbTi 
magnets at 1.9 K

Luminosity   1034 cm-2s-1

Number of bunches 2808 High luminosity at 7 TeV
Particles per bunch 1.1⋅ 1011

DC beam current 0.56 A
Stored energy per beam 350 MJ

g y
very high energy stored 
in the beam

gy p

Normalised emittance 3.75 µm
Beam size at IP / 7 TeV 15 9 µm

beam power 
concentrated in small 

Beam size at IP / 7 TeV 15.9 µm
Beam size in arcs (rms) 300 µm area

Arcs: Counter-rotating proton beams in two-
in-one magnets

Limited investment
small aperture for beams
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Magnet coil inner diameter  56   mm
Distance between beams  194 mm



LHC Powering in 8 Sectors
5

Powering Sector:

DC Power feed

4 6
Powering Sector:

154 dipole magnets
about 50 quadrupoles

an
t

LHC

about 50 quadrupoles
total length of 2.9 km

3

O
ct

a DC Power 7LHC
27 km Circumference 

Powering Subsectors:

• long arc cryostats
• triplet cryostats
• cryostats in matching section

Sector 1

2 8
cryostats in matching section

Powering Subsectors allow for
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Sector 1 Powering Subsectors allow for 
progressive Hardware Commissioning  
- 2 years before beamP.Proudlock



Ramping the current in a string of dipole magnet

Power Converter

Magnet 1 Magnet 2 Magnet 154Magnet i

LHC powered in eight sectors, each with 154 dipole magnetsLHC powered in eight sectors, each with 154 dipole magnets

Time for the energy  ramp is about 20-30 min (Energy from the grid)

Time for discharge is about the same (Energy back to the grid)
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